This paper is about the role of computer graphics in elementary education in a developing country context. The paper discusses how learners can benefit from using an interactive Computer Graphics application. The paper presents a project that attempts to produce a generic tool to advance the educational use of virtual laboratories. The generic tool presents a world composed of tiles in a 3D environment. Future research and development are also discussed.
INTRODUCTION
Virtual laboratory solutions today are beginning to present students with a kind of interactive encyclopaedia and are becoming more accepted for their benefit in the classroom.
By introducing few complexities, and minimal intelligence, much can be achieved. Simplifying the complexities of subject matter, and visualising hard-to-understand concepts makes it easier for elementary school children to understand.
The teacher's involvement in the constructing of virtual laboratories is of utmost importance. It is the teacher that presents and teaches new subject matter to schoolchildren. It is important to remember that teachers are in control of the classroom session, and that the virtual laboratory is but a tool to aid in their teaching. This paper presents the use of the iTiles framework as a tool in the development of virtual laboratories in education in a developing country context. Much effort and research has been conducted in authoring virtual environments. This project is an attempt to present an approach that is non-technical, easily usable by the non-expert and which will aid in the education of elementary school children.
Simple worlds can be the source of rich and authentic learning experiences for young learners, and are consistent with emerging design frameworks for technology-supported inquiry learning [5] . Students with a background of new high-tech, flashy computer games emerging from the entertainment industry may not be Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed fbr profit or commercial advantage mid that copies bear this notice and the lull citation on the first page. To copy other~4se, to republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. content with such simplicities. However those from a less experienced background such as a developing country will greatly appreciate an engaging application. The iTiles framework approach isn't attempting an exact replica of our world, but a more virtual representation, showing similar attributes to our own world.
Addressing the issue of the role of computer graphics in education in a developing country context, the iTiles framework considers the benefits of using virtual laboratories in the classroom. Teachers rely on accessible local environments to stimulate and expose learners to new phenomena in their teaching syllabus [5] . Bringing these phenomena to the classroom in the form of a virtual environment has many advantages. VR worlds can be used to circumvent the physical, safety, and cost constraints that limit schools in the types of environments they can provide for learning-by-doing [6] . VR technology also allows radical changes in the relative sizes of the student and virtual objects they interact with [6] .
In a developing country context, using standard, inexpensive workstations to present VR seems a much more viable alternative than conventional, high priced immersive VR technology, since they are more suitable for widespread use considering their cheaper costs and maturity [6] . It is also important to note that while immersive applications have been more affeetive than nonimmersive applications; the key factor seems to be the interactivity of these applications rather than the fact of immersion [6] . Virtual laboratories in education are not in a competitive market such as the entertainment industry, however the entertainment value must remain intact, since the application must hold the attention span of its student and teacher audience.
The Intelligent Tiles (iTiles) framework is based on using tiles to author a world. By these tiles having intelligence and properties defined within them on how characters interact with them and how the world is influenced by their placement, builds a foundation for many applications. By a process of authoring a virtual environment a teacher can present a lesson to students on numerous topics. Not only does the student learn the rules of the environment, but also how objects within that world interact with each other.
This project is an initial attempt towards creating an educational tool using the iTiles framework as a basis for many virtual laboratories. One virtual laboratory being developed is a virtual ecosystem environment, running on an inexpensive workstation, which considers both audio and visual elements for a more enjoyable experience.
The paper is sectioned as follows: Related work is discussed in section 2; The Intelligent Tiles approach is discussed in section 3; section 4 presents the Implementation and Results of the Intelligent Tiles approach, and an application thereof, in the form of a virtual ecosystem environment, and finally the paper is concluded in section 5.
RELATED WORK
Various approaches towards the use of virtual laboratories in education have been investigated, and their role in defining the iTiles framework is discussed in this section.
The idea for creating the iTiles framework has been borrowed from existing techniques used for implementing 2D tile systems. These techniques have been adapted to a 3D approach and other approaches have been investigated, where similar work has been done.
By applying a 2D tile system in a 3D environment, there are many advantages gained. 2D tiled worlds can only be scrolled and there is only a fixed viewpoint. In 3D, the world can be zoomed in and out. The axis's angle can be changed for a different point of view, and a feeling of depth is also achieved.
In [1] , a 3D Editor for a Traffic Playground was developed, mainly for teaching children traffic rules. In this application the world has been defined by how traffic squares composed of road elements are placed in the editor. Their orientation and their placement directly influence the collision detection model and flow of movement within the world. This presented an idea of creating a unique tile set and an approach for a collision detection model for a world in the iTiles framework.
By adopting the use of an editor as in [1] , the iTiles framework incorporates a workbench tool where a world can be authored. Teachers have had a variety of educational goals in encouraging students to develop their own virtual worlds [7] . The workbench tool in the iTiles framework also gives advanced students creative freedom in authoring their own virtual environment. By authoring the world they not only learn the relationships of objects within that world, but it is an interactive and fun experience.
Argus Virtual Reality International has developed a Pond-EcoSystem simulator, which is the simulation of an active pond ecosystem. In their assessment, they consider the Pond-Ecosystem simulator to have the broad potential for virtual reality as an educational tool [7] . The virtual ecosystem environment application that is being developed using the iTiles framework shows similarities to the pond simulator. Many ideas have been borrowed and adapted to fit the iTiles framework.
In [5] 'virtual ambients' have been designed to support science enquiry learning among elementary school students. The application developed, 'The Field', allows students to eollaboratively explore a large "natural" terrain populated by up to eight different plant types. NICE (Narrative, Immersive, Constructionist/Collaborative Environments for Learning in Virtual Reality) is a setting for a virtual island where children can search for empty space and build their own ecosystems. Symbolic representations of various environmental elements are used to facilitate children's understanding of complex ecological interrelationships [6] [8] .
Both the virtual ambient 'The Field' and NICE have been developed as immersive VR solutions and have had great impact in the field of virtual laboratories in education. The iTiles framework adopts these both these application ideas, however aims at the desktop platform and inexpensive workstations.
THE INTELLIGENT TILES APPROACH
Tiled worlds have been developed for numerous applications, mostly Computer Games, however the approach has mostly been done only in 2D. By applying the 2D approach in a 3D environment, much more can be achieved, and the user has more freedom to explore the world and see it at different angles.
The iTiles framework presents an approach for a generic application principle that can be applied to any field. It is a foundation that can be used and extended.
Overview
The iTiles framework incorporates the use of tiles to author a virtual environment. It consists of a Workbench tool in which the world is authored, and a Virtual World in which the authored world is brought to life.
Tiles have intelligent attributes such that characters in the world rely on these attributes to determine behaviour in the world.
The iTiles framework incorporates a workbench tool where a world can be authored. A tile world of unlimited size can be created, with unrestricted placement of world elements. The authoring tool is considered to be dynamic, generic and adaptable.
The workbench allows teachers to author a world for use in the presentation of new subject matter for a lesson. Thus a teacher has the freedom to control the content of the world that he/she creates, which for example could be used to teach students the relationships of objects within the world.
Underlying Model
The base terrain is composed of a fiat world, made up of a 2D matrix of tiles. These tiles hold information relevant for collision detection. A primary tile set needs to be considered for representing world elements, and image textures are needed to represent these different world elements.
Once the world is created and the merging technique applied, a collision detection model can be put in place. Once a collision detection model is established, many applications are available.
Visual and Audio Representation
The world is made up of a layer of flat joining tiles and exists in a 3D environment, which allows for the world to be rotated, zoomed in and out. Tiles are merged with adjacent ones to present a visually attractive environment. World objects populate the world.
The virtual world is interacted with and navigated by either moving a main character that walks around within that world, or by moving the main camera that represents the main character's vision.
Not only does the iTiles framework support visualisation, but it also incorporates sound, which presents a more immerse world for the user to explore. Thus the world can come to life in a more advantageous way.
World Objects
The objects that populate the world have been divided into two categories. Static world objects have fixed positions, which cannot move, for example a tree; and dynamic world objects, also known as characters, move freely within the world based on their internal intelligence.
Visual and Audio Representation
The world is given life by the form of characters and the sound they emit when interacting with the world, other characters or static world objects. All world objects can be scaled and oriented.
Attributes of WorM Objects
World Objects are given attributes of which elements of the world they are and aren't allowed to be placed on (eg: fish only in water).
Characters' Intelligence
The characters' intelligence is based on what surface they can walk on, how they relate to the world/environment they live in and how they interact with one another. Thus their internal mechanisms define their collision detection within their world dynamically created for them by the user. The characters are also intelligent in that they emit sound depending on their interaction with the world and other characters.
IMPLEMENTATION AND RESULTS
In this section the implementation of the iTiles framework is presented. The results present the first attempt at applying the iTiles framework to develop a virtual ecosystem environment. Future extensions to the iTiles framework are also discussed.
The system has been designed and implemented in Microsoft Visual C++, using OpenGL [3] and OpenAL [4] , and currently runs on Windows Operating Systems as a desktop application.
The main goal of the iTiles framework is to present an application consisting of an intuitive interface with responsive movement and interaction.
Authoring Workbench
In this implementation of the iTiles framework, the world has three different types of world elements, namely grass, sand and water, however this can be extended to accommodate different tiles.
Base tile textures can be seen in figure 1 . The merging of tiles has been implemented adopting the approach found at [2] .
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Figure 1. The current world texture elements
The iTiles Workbench program is the authoring tool for the world. Either an existing world can be edited, or a new world created by specifying its dimensions in width and height parameters.
The program is dynamic in that any sized world can be created, by specifying the parameters for the number of rows and column in the world.
A greater freedom is achieved by utilising three special dimensions, when navigating the environment of the iTiles Workbench. The axis's can be rotated for a better working angle, and the world can be zoomed in and out to focus on important areas. 
Authoring World Objects
Once the world has been created and the elements of tiles have been specified, the world can now be populated with world objects. The authoring of world objects is made available in the workbench after designing the world. In figure 3 , world objects have been added to the world defined in figure 2.
In the process of the authoring of world objects, the initial position of world objects within the world is specified. Currently only one world object is allowed per tile.
Considering the iTiles framework, each world object has internal rules defining where it can be placed in the world. In figure 3 , the circular area in the bottom fight corner represents the current selected world object, and the elements on which that world object may he placed. The workbench tool restricts the placement of that world object to only those tile elements. Here the turtle world object is restricted to only sand and water elements.
Many different world objects of the same type can be added, and world objects can be scaled to a desired size.
The current world objects have been hard coded, however an interface to add new world objects by specifying 3D models is being considered (see 4.4.1).
Figure 3. Authoring world objects in the iTiles Workbench

The iTiles Virtual World and Ecosystem
The iTiles Virtual World program brings a world created in the iTiles Workbench to life in an audio and visual experience. The tiles are merged and the world is inhabited by the form of intelligent characters, which move randomly within the world according to their internal attributes that define their collision detection model.
Figure 4. The iTiles Virtual World
The results of the iTiles Virtual World program could be considered a first attempt at a virtual ecosystem. In figure 4 , the main character is visible as the central figure in the world. The turtles have been given the intelligence to randomly explore the world. Their movement has been restricted to only sand and water world elements. Bird-chirping sounds are triggered when the main character approaches a tree. 
Extensions to the iTiles Framework
Extensions to the iTiles framework have been considered:
Introducing a World Objects Interface
An interface allowing additional world objects to be added is needed. A new world object can be added by specifying which world elements it may be placed on. The 3D model representing this world object needs to be specified accordingly.
Adding Behaviour and Simulating Motion of Characters
Currently the characters' movement in the iTiles Virtual World is random. A set of rules is needed that governs movement in the world that is generic, adaptable and easy to configure. By the abstraction of forces an uncomplicated method for simulating movement is presented.
By adapting an approach called steering behaviours [9] , each character has internal forces that define its movement. Thus by creating an interface to specify relationships between characters and static world objects, characters and the world elements, and the forces that control the characters movement, it is easy to simulate a character's behaviour in the world. A character's movement can also link to visual rules defined within the world, resulting in world transformations such as altering the scale of world objects and altering tiles. This interface should also consider the audio element, to provide for an immerse audio/visual environment.
Improving Properties for Tiles
By introducing new rules for how tiles can alter from one world element to another, the simulation of an environment can be improved. Tiles could be influenced by the movement of characters on them, and thus could alter from one tile element to another. This is useful for showing environmental effects such as erosion, and this example could be easily achieved by altering a tile representing a grass element to a tile representing a sand element. These properties should be clearly defined and linked to the behaviour and movement of characters in 4.4.2.
4 An Engaging Multi-user Collaborative Experience
The iTiles framework should support collaborative inputs. More that one person should be able to modify and interact with an authored world. More defined inputs from a teacher and student's perspective are needed.
Educational Experience
Provision should be made for the collection of more educational content in the world, in the authoring process. For example, in the ecosystem application, not only allowing students to interact, but to be able to learn more about the creatures living in the ecosystem. Here biology could be taught through active simulation, where students can interact with their subject. This input mechanism should be incorporated into the iTiles framework. Students should not only take the role of the main character, but they could take the role of the different characters in the virtual environment, and experience life from their point of view.
Promoting a clean environment and the importance of recycling can be emphasised by modelling how the environment could be affected. Considering this project being an application of a virtual laboratory, the educational experience can be extended to include animal dissections for more advanced students.
CONCLUSIONS
The concept of the iTiles framework is that it is a foundation for many applications of virtual environments.
The iTiles approach addresses educational needs by being adaptable and generic for any application of a virtual environment. Ease of use of the application is achieved by adhering to good GUI design and human interaction principles. The world objects in the application are very simplistic in nature and made up of simple primitives, however they are very engaging. The virtual ecosystem environment is an attempt to simulate and bring an unattainable world to some, closer to others by the use of VR. The iTiles application is a desktop VR solution, running on a simple inexpensive workstation, and thus is cheap to deploy in a developing country. Finally, iTiles has tried to keep high standards in the program's visual representation.
The iTiles framework still lacks clarity on its input processes from students and teachers and other issues that have been discussed in the extensions to the iTiles framework. Since it is a basis for interactive modelling of a virtual environment, any environment should be able to be created and applied to a field of education. The current implementation of the iTiles framework, and it's application thereof in the form of the virtual ecosystem environment, is seen as very extensible and has brought forward much progress.
The current state of the project is that of continuous research into the educational principles of virtual laboratories. Future work certainly includes the implementation of the iTiles extensions considered, testing of a more complete application in a real world classroom, followed by feedback and improvement phases, ultimately aiming to gain user acceptance.
